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薄膜蒸餾併合加翅型太陽能集熱器於海水淡化程序之研究 
The studies on the membrane distillation equipped with the internally finned 
solar collectors in the desalination process 
 

















Membrane distillation (MD) is a membrane separation process that has long been 
investigated in small scale laboratory studies and has the potential to become a viable tool for 
water desalination.  MD is a separation process that combines simultaneous mass and heat 
transfer through a hydrophobic microporous membrane.  Solar collector is used in direct contact 
membrane distillation (DCMD) to preheat seawater as a temperature driving force in heat transfer 
to establish seawater desalting systems.  The effect of temperature difference makes the brine 
vaporized in the hot fluid side on the membrane surface and condensed in the cold fluid side.  
The optimal operating parameters on the pure water production rate will also be examined in this 
study.  The purposes of this study are to develop the theoretical heat and mass transfer 
formulations, simulate heat transfer rate of solar collector with internal fins in membrane 
distillation, and investigate the pure water productivity in membrane distillation with the various 
flow rate of NaCl solution, molality of NaCl solution, solar collector efficiency and temperature 
difference between both sides of membrane as parameters.  The hydraulic dissipated energy due 
to various operating and designing parameters are discussed. The theoretical perdition of this 
study is useful to explain the temperature polarization phenomena on membrane surface. 
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此處假設流體之徑向速度分佈為一拋物
線，即 
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其中鹽水的活性係數ai可由下式來估算 
2
NaClNaCl 105.01 xxawater −−=    (20) 
當溶液為純水時，其飽和蒸氣壓可由安東尼
方程式(Antoine equation)得到 
( ))45/(3841238.23exp0 −−= TPi   (21) 
由式(18)-(21)可得到純水的質量通量為 
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將式(38)中的Tb以式(36)與(37)所計算出來
的結果取代可得 
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效率 eη 來判斷 
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四、模擬方法與參數 
    本模擬使用到的主要參數以及其數值
大小如表一、表二和下列所式: Cm = 4.5×10-7 
kg/s．m2．Pa; D = 0.011 m; Di = 0.01 m; da = 
db = 0.002 m; Hfin = 0.003 m; I0 =0.5 and 1.0 
kJ/s．m2; kfl = 0.384 kJ/s．m．K; km = 4.6×10-5 
kJ/s．m．K; ks = 4.5×10-5 kJ/s．m．K; ls = 0.05 
m; N = 1; Nf = 2; Ta = 283 K; tf = 0.0005 m; V 
= 1.0 m/s; W = 0.2 m; Wm = 0.15 m; Lm = 0.2 
m; αp = εp=0.96; β = 45°; δ  = 0.005 m; δ m = 










(K) 0 1 2 3 4 5 
293 0.603 0.596 0.590 0.585 0.580 0.577
303 0.618 0.611 0.605 0.600 0.595 0.592
313 0.632 0.624 0.618 0.613 0.609 0.605
323 0.643 0.636 0.630 0.625 0.621 0.617
333 0.653 0.646 0.640 0.635 0.631 0.627
343 0.662 0.655 0.649 0.644 0.640 0.636
353 0.670 0.663 0.657 0.652 0.647 0.643
363 0.676 0.669 0.663 0.658 0.653 0.649






0 4180.00 1002.00 1 0 
1 3916.00 1033.69 0.988 0.018 
2 3716.89 1062.81 0.971 0.035 
3 3566.66 1090.48 0.948 0.051 
4 3450.66 1116.80 0.921 0.067 
5 3356.58 1141.86 0.891 0.083 
 
五、結果與討論 



























    圖八為當熱鹽水進入薄膜蒸餾設備的



































To,fb1 (℃) η (%) HR (hp) AC (m2) 
35 29.68 0.0207 36.83 
40 32.27 0.0159 28.22 
45 34.81 0.0118 20.93 
50 37.28 0.0083 14.66 
55 39.71 0.0052 9.17 
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符號說明 
cA :  太陽能集熱器面積, m2
watera : 水於氯化鈉溶液中的活性係數 
mW :  薄膜蒸餾設備之通道寬度, m  
mC :  薄膜係數,   Pamkg/s 2 ⋅⋅
PC :  溶液比熱,   KkJ/kg ⋅
D :  圓管外徑, m  
hD :  相當管徑, m  
iD :  圓管內徑, m  
id :  薄膜蒸餾設備之通道高度, m  









finF ′ : 參數, 定義於式(40)  
Ff :  汎寧摩擦係數 
finH : 翅高度, m  
RH :  水力消耗, hp  
ifh , :  流體之熱對流係數,   KmkJ/s 2 ⋅⋅
0I :  太陽光入射量,   2mkJ/s ⋅
fak : 通道 a 流體之熱傳導係數, 
KmkJ/s ⋅⋅   
fbk :  通道 b 流體之熱傳導係數, 
KmkJ/s ⋅⋅   
mk :  薄膜之熱傳導係數, KmkJ/s ⋅⋅   
L :  圓管長度, m  
mL :  薄膜蒸餾設備之通道長度, m  
sl :  太陽能集熱器絕熱層的厚度, m 
M : 太陽能集熱器每根圓管之液體流
率,   kg/s
m : 太陽能集熱器總液體流率, 
  kg/min
fluxm : 純水產率,   kg/s
N :  純水通量,   2mkg/s ⋅
fN :  翅數量 
n :  迴流組數 
iP :  組成 i 的氣相分壓, Pa  
0
iP :  組成 i 的飽和蒸汽壓, Pa  
uQ :  單位時間內流體得到的熱能,   kJ/s
finq′ : 單位長度管璧傳遞至流體的熱能, 
mkJ/s ⋅  
tq′ : 單位長度薄翅傳遞至流體的熱能, 
mkJ/s ⋅  
finuq ,′ : 單位長度流體得到的熱能, 
mkJ/s ⋅   
S :  吸收板吸收之太陽熱能,   2mkJ/s ⋅
aT :  大氣溫度, K  
),( zxT aa :通道 a 之溫度分佈, ℃  
inaT , : 通道 a 流體之進口溫度, ℃ 
),( zxT bb :通道 b 之溫度分佈, ℃ 
b,inT : 通道 b 流體之進口溫度, ℃ 
0,fT : 太陽能集熱器之流體進口溫度, ℃  
out,fT : 太陽能集熱器之流體出口溫度, ℃  
)(zTf : 太陽能集熱器之流體溫度分佈, ℃ 
LU : 太陽能集熱器之總熱損失係數, 
  KmkJ/s 2 ⋅⋅
iV  薄膜蒸餾設備之流體體積流率, 
 9
m3/s  
v :  流體於太陽能集熱器之流速,   m/s
iv : 薄膜蒸餾設備之流體平均流速, 
  m/s
)( ii xv : 薄膜蒸餾設備之徑向流體速度分
佈,   m/s
W :  圓管間距, m  
ix :  組成 i 之莫耳分率 
miα :  組成 i 之擴散係數,   /sm 2
pα   吸收板之吸收係數 
β   集熱器之傾斜角度，degree 
δ   吸收板厚度，m 
gε   玻璃面蓋之輻射係數 
mδ :  薄膜厚度, m  
pε   吸收板之輻射係數 
eη :  集熱器效率 
fη :  翅效率 
λ :  水的蒸發潛熱,   kJ/kg
miρ :  成份i之密度 ,   3kg/m
gτ   太陽光穿過玻璃面蓋的穿透係數 























The studies on the membrane distillation system equipped with 
the internally finned solar collectors in the desalination process has 
been investigated analytically.  An optimal operating condition was 
obtained for this process via analyzing the overall heat transfer 
coefficient of heat exchanger and hydraulic dissipated energy of solar 
collector. 
可利用之產業 
及 
可開發之產品 
薄膜蒸餾系統目前使用於溫度敏感的物質分離、有機溶劑的
去除等。而本研究將薄膜蒸餾與太陽能集熱器作一個結合應用於
海水淡化的程序中，利用數學模型的建立與模擬來探討此複合型
應用的可行性，而透過薄膜蒸餾所收集到的純水，亦可進一步將
其提升純化至超純水。 
技術特點 
將加翅型太陽能集熱器所產生的熱水應用於薄膜蒸餾的操
作中，可以減少能源的消耗，並經由建立一套數學理論的分析模
型，除了可以精確估計蒸氣壓差的變化，亦可作為設計此種分離
機構的一個依據。 
推廣及運用的價值 
海水淡化技術對於某些水資源缺少的區域，是一種取得日常
飲用水的重要方式，台灣四面環海，再加上源源不絕的太陽能，
使得本研究在未來具有發展的潛力。 
※ 1.每項研發成果請填寫一式二份，一份隨成果報告送繳本會，一份送 貴單位研
發成果推廣單位（如技術移轉中心）。 
※ 2.本項研發成果若尚未申請專利，請勿揭露可申請專利之主要內容。 
※ 3.本表若不敷使用，請自行影印使用。 
